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Purpose:  This  study  was  conducted  for the  morphological  and  quantitative  evaluation  of  the  diffusible
patterns  of  local  anesthetic  depending  on the  site  of  injection  in  inﬁltration  anesthesia.
Experiments:  The  mandibular  ﬁrst molars  of  rats  were  anesthetized  by  the  local  inﬁltration  of  30  l of
2%  lidocaine  containing  trypan  blue  at a distance  of  2  mm  from  the  gingival  margin  on either  the  lingual
or  buccal  side  over  the  distal  root  apex  of  the  ﬁrst  molar.  Frozen  sections  were  prepared  to measure  theocal dental anesthesia
nﬁltration
njection point
andible
at
volume  of  the inﬁltrated  anesthetic  using  volume-calculating  software.
Results:  On  the  lingual  side,  the  local  anesthetic  inﬁltrated  into  the mouth  ﬂoor  and  spread  backward  in  a
sagittal  direction  at  an inﬁltration  volume  of  8.36  ± 7.34  mm3.  On the  buccal  side,  the  anesthetic  solution
was restricted  to the  injected  area  and  the  inﬁltration  volume  was  2.22  ±  1.62  mm3.
Conclusion  The  present  results  indicate  that  the  inﬁltration  volume  of  local  anesthetics  is very  different
between  the  lingual  and  buccal  sides.
 Japan© 2011
. Introduction
Pain control is an important element for smooth treatment
n common dental procedures. Thus, local anesthesia is com-
only used in dental practice and inﬁltration anesthesia is most
requently employed among topical, inﬁltration, and conduction
ethods. Although several studies have been conducted to deter-
ine the optimal injection pressure [1],  speed [2],  and site for
nﬁltration anesthesia [3],  the optimal sites of inﬁltration anes-
hesia injection have not been so far conﬁrmed. Many clinicians
ay  determine their injection sites, pressures, or volumes accord-
ng to the parameters to suit their own maneuvers. In general,
he most common sites for inﬁltration anesthesia to obtain a rea-
onable anesthetic effect are the mucobuccal fold because of its
roximity to the apex of the root of each tooth. Higher pressures
re needed for the injection into the interdental papilla, which may
ause injection pain and local ischemia. Accordingly, the injec-
ions of anesthetics into these sites have deleterious effects and
re detrimental for patients who complain of pain when a nee-
le is inserted and the anesthetic is injected, or for them if the
ffect of anesthesia is excessive and even unnecessary areas are
nesthetized. Malamed et al. wrote that paresthesia or persistent
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anesthesia is a disturbing yet sometimes unpreventable compli-
cation of local anesthetic administration, patients feel many and
varied discomforts, including sensations of numbness, swelling,
tingling, and itching. Furthermore, self-inﬂicted trauma is provided
by the patient biting or chewing [4].
Recently, the use of an automatic injector with a slow and con-
stant speed has been recommended for reducing injection pain [5].
In our previous study of the inﬁltration area of an anesthetic in the
maxilla of rats, we  reported that an injection into the buccal side
represented wider diffusion of local anesthetics than that into the
lingual side [6].
The purpose of the present study is to examine the morpholog-
ical path of diffusion of a local anesthetic depending on the site of
injection, and discuss optimal injection points in the mandible of
rats.
2. Materials and methods
This experiment was approved by the Tsurumi University Lab-
oratory Animal Guideline Ethics Committee. Fourteen male Wistar
rats (10 weeks at age, body weight 273–308 g) were used for this
experiment. After the induction of ether general anesthesia, the
rat’s limbs were ﬁxed with pins and the heart was exposed for
perfusion ﬁxation in the dorsal position, in accordance with the
method of Tateno et al. [6] with minimal modiﬁcations.
evier Ltd. All rights reserved.
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Fig. 1. 3D images showing pattern diagrams of injection sites. Point A, 2 mm from
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Fig. 2. Typical 3D-image showing the injected area of inﬁltration anesthesia in thehe gingival margin above the distal root apex of the ﬁrst molar on the lingual side;
oint B, 2 mm from the gingival margin above the distal root apex of the ﬁrst molar
n the buccal side.
.1. Injection of the local anesthetic solution
The site of injection was 2 mm from the gingival margin above
he distal root apex of the ﬁrst molar on the lingual (Fig. 1, Point A)
r buccal sides (Fig. 1, Point B). Animals were randomly allocated
o one of the right or left four injection points.
A total of 30 l of 2% lidocaine containing 25 g/ml adrenaline
itartrate (Showa Yakuhin Kako Co., Ltd., Tokyo, Japan) and
5 g/ml trypan blue stain was injected using a dental electric
yringe (the Wand, Milestone Scientiﬁc, Livingston, NJ, USA) with
 short 32-gauge needle (Misawa Medical Industry Co., Ltd., Tokyo,
apan). The bevel of the needle was oriented on the surface of
he alveolar bone and the needle was slowly inserted beneath the
eriosteum. After an injection for over 5 s, the needle was kept in
lace for 15 s to lower the pressure inside the tube, followed by the
xtraction of the injector.
.2. Preparing the histological section
To observe the tissue and examine the injected area, the follow-
ng procedures were carried out according to the report of Tateno
t al. [6] with some modiﬁcations. Immediately after the injection,
he rats were perfused with saline through the left ventricle of the
eart, followed by Bouin ﬁxative solution. Fixation procedures were
tarted within 14 min  after the injection of the local anesthetic and
ompleted within 42 min.
After ﬁxation, tissue blocks containing the mandible were
mmersed in the same ﬁxative solution for 48 h. The tissue blocks
ere decalciﬁed with K-CX (Falma Co., Ltd., Tokyo, Japan) for 1 week
t room temperature. For the preparation of cryostat sections, some
f the tissue blocks were immersed in 0.1 M phosphate buffer (PB:
H 7.4) with 15% sucrose and then in PB with 30% sucrose for 8 h
t 4 ◦C, respectively. Finally, the specimens were frozen in Tissue-
ek OCT compound (Sakura Fine Technical, Tokyo, Japan). Serial
ryostat sections (30 m in thickness) were prepared for obser-
ation (CM-3050S, LEICA Microsystems, Wetzler, Germany) and
aintained at −20 ◦C on slides coated with gelatin–chrome alum
ntil used for examination.
.3. Determination of inﬁltration volumeThe images of the sections obtained at 180 m intervals were
aved on a computer using a digital camera (BX51-34-T; Olym-
us Co., Ltd., Tokyo, Japan). Three-dimensional (3D) images wererat  mandibular bone (obliquely forward and downward angle). B, inﬁltrated anes-
thetic on buccal side; L, inﬁltrated anesthetic on lingual side; In, incisor; M1,  ﬁrst
molar; M2,  second molar; M3,  third molar.
reconstructed using computer imaging software (INTAGE Realia;
KGT, Tokyo, Japan). The volume of inﬁltrated anesthetic solution
was  determined with volume-calculating software (TRI/3D-SRFII,
RATOC System Engineering Co., Ltd., Tokyo, Japan). Some sections
were stained with hematoxylin and eosin for histological examina-
tion.
2.4. Statistical analysis
The results were statistically analyzed using Mann–Whitney U
test with StatMateIII (ATMS Co., Ltd., Tokyo, Japan); a p-value of less
than 0.01 was  considered to indicate signiﬁcance.
3. Results
Of 28 injections into 14 rats, 25 could be used for the present
study; the remaining 3 injections were excluded because their vol-
umes were dismissed by Smirnov test for their extreme values.
On the lingual side, the local anesthetic solution inﬁltrated into
the subperiosteum and the inﬁltrated area swelled out like a blister
(Fig. 2). The anesthetic solution that was  inﬁltrated into the lingual
alveolar mucosa because of a short distance of masticatory mucosa
appeared to spread in a sagittal direction, which reached the ptery-
gomandibular space through the space of the mouth ﬂoor formed
by the mylohyoid muscle, the mandible, and the mucous mem-
brane (Fig. 3). The minimum volume of the anesthetic on the lingual
side was 0.61 mm3 and the maximum volume was 26.67 mm3, with
a mean of 8.36 mm3. These volumes represented 2.03–88.9% of the
total amount of the injected solution. We  pegged the total injected
volume of injection at an amount of 100%. The inﬁltration volume
of them was  indicated by a percentage.
On the buccal side, the anesthetic solution inﬁltrated into a
smaller limited area from the injecting point. In some cases, the
inﬁltrated area was  localized within the mandibular bone and
appeared to be stained more weakly with trypan blue on the buccal
side (Fig. 2) than on the lingual side (Fig. 4). The inﬁltrated vol-
umes ranged from 0.21 to 4.83 mm3, with a mean of 2.22 mm3.
They corresponded to 0.7–16.1% of the total amount of the injected
solution.
The leakage of anesthetic solution upon release of the needle
was  much smaller on the lingual side than on the buccal side. The
volume of the inﬁltrated anesthetic was  signiﬁcantly larger on the
lingual side compared with on the buccal side (p < 0.01) (Fig. 5).4. Discussion
Inﬁltration anesthesia, which means that local anesthetic is
injected around the tooth to be anesthetized, is most commonly
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Fig. 3. Trypan blue-labeled section of lingual side. Arrows, injected anesthetic
solution; M2,  second molar; M3,  third molar; Myl  M,  mylohyoid muscle. Original
magniﬁcation 2×.
Fig. 4. Trypan blue-labeled section of buccal side. Arrows, injected anesthetic solu-
tion; M1,  ﬁrst molar; M2,  second molar; M3, third molar; Mas  M, masseter muscle.
Original magniﬁcation 2×.Fig. 5. Volumes of injected anesthetic on lingual and buccal sides. The volume on
the  lingual side is signiﬁcantly larger than that on the buccal side. *p < 0.01.
used in dental practices. The puncture points, that are ordinar-
ily used, are around the mucobuccal fold and interdental papilla
[3,7,8]. However, the reasons why these points are used are not
scientiﬁcally examined but depend only on the experiences of each
practitioner. Although many of previous reports on inﬁltration local
anesthesia have so far discussed local anesthetics [9–19], very few
studies of the optimum injection sites for inﬁltration anesthesia
have been carried out. In our previous paper [6],  we morpholog-
ically examined the diffusion patterns of the injected anesthetic
solution in the maxilla of rats after inﬁltration anesthesia. We
reported that more volume of the anesthetic diffused in the injec-
tion on the buccal side than on the palatal side, suggesting that
careful selection of a puncture point is needed for successful inﬁl-
tration anesthesia.
Since there are apparent anatomical differences in bone and
gingival structures between the maxilla and the mandible, the pur-
pose of the present study is to clarify the diffusible patterns of
anesthetic solution in the mandible of rats using almost the same
methods as an analysis of the maxilla conducted in our previous
study [6].  Rat molars are considered to be comparable to human
molars, whereas rat incisors lack roots. This study was  intended
to determine the diffusion pattern immediately after the injection
of an anesthetic solution. Therefore, we  did not consider the rat
mucosal vessels or porosity of the bone which are related to the
success of anesthesia. Although we used 100 l volume for the
injection of a local anesthetic into the maxilla of rats, this volume
is too large relatively to the clinical dosage. Furthermore, we  tried
the use of an electric injection machine and succeeded in apply-
ing 30 l using an accurate injection time of 5 s. Assuming that the
average body weight of rats is 0.3 kg and that of humans is 60 kg,
the amount of dental cartridge (1.8 ml)  corresponds to 9 l in the
rat.In our preliminary study, the slow injection speed of the
Wand was approximately 6 l/s. Furthermore, the injectors should
be kept in place for 15 s to lower the pressure inside the
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ube. Therefore, the injection volume of 30 l every 5 s was
sed.
We  chose 2 mm from the gingival margin on the both buccal
nd lingual sides, and the anesthetic solution was  inﬁltrated into
he subperiosteum of the alveolar bone. However it was  very difﬁ-
ult to inject it into the alveolar mucosa on the buccal side because
he distance from gingival margin to alveolar mucosa was  less than
 mm on this side. On the buccal side, we selected the interden-
al gingiva as a puncture point. Hematoxylin and eosin staining
evealed that the needle penetrated into the gingiva on the buccal
ide and into the alveolar mucosa on the lingual side. Therefore,
e compared the masticatory mucosa on the buccal side with the
lveolar mucosa on the lingual side. The results of the present study
epend on the difference in the structure, but it was  considered that
he structures are not very different between humans and rats.
The injection site on the buccal side is classiﬁed as masticatory
ucosa or mucoperiosteum. Its epithelium is keratinized or parak-
ratinized and the dense connective tissue of the lamina propria
ontains thick collagen ﬁbers which are strongly connected to the
eriosteum of the alveolar process. Therefore, the gingiva on the
uccal side is tight and is hardly stretched, resulting in a smaller
njection volume of a local anesthetic [20]. Thus, the injected anes-
hetic can be conﬁned to the puncture site for a ﬁxed period of time
nce it is carefully injected. This working hypothesis might explain
hat anesthetics were limited to the injection site in this study
espite the leakage of the anesthetic liquid just after extraction
f the needle.
The alveolar mucosa, in which the injection was applied on the
ingual side, is classiﬁed as a lining mucosa. Its epithelium is gen-
rally nonkeratinized, collagen ﬁbers is diffusely distributed in its
amina propria, and this type of oral mucosa is loosely connected
o the alveolar process through the submucosal tissue, resulting in
he thicker epithelium and subepithelial structures compared with
he masticatory mucosa. The alveolar mucosa is, therefore, soft and
asily stretched, which enables a smooth injection, especially for
nﬁltration anesthesia [20]. In both rats and humans, the submu-
osal space surrounding the root apex of teeth on the lingual side is
onnected to that of the mouth ﬂoor. These anatomical characteris-
ics result in the diffusion patterns of anesthetic solution evaluated
n this study, that is, which show an expanse of the anesthetic back-
ard in the space of the mouth ﬂoor. The leakage of the anesthetic
olution upon release of the needle seems to result from the tis-
ue pressure at the injection site. In this study, the leakage volume
as visually evaluated after the extraction of the needle and not
uantitatively evaluated.
For effective local anesthesia, sufﬁcient injection volume is
eeded. According to previous reports, a more rapid onset and a
onger duration are expected with a larger injection volume [21,22].
owever, the lingual nerve and mylohyoid nerve are located on
he lingual side of the mandible [23–25] and the diffusion of a
ocal anesthetic may  cause paresthesia, hyperesthesia, dysesthe-
ia, or hypoesthesia of the area. Malamed et al. wrote that the local
nesthetic solution itself may  contribute to the development of
aresthesia after local anesthetic injection. Haas and Lennon [26]
ublished a retrospective study of paresthesia after the injection of
ocal anesthetic in dentistry. They reported that all reported cases
nvolved either the inferior alveolar or lingual nerve or both, with
nesthesia of the tongue reported most often, followed by anesthe-
ia of the lip [4].  Meechan et al. [27] reported that lingual inﬁltration
n the buccal side results in greater discomfort than lingual pene-
ration only.
Our present study revealed that the difference in the diffusion
f the anesthetic solution may  depend on the tissue structures
f injection sites. It is very important for successful inﬁltration
nesthesia to understand the differences in the anatomical struc-
ures of injection sites, insufﬁciency of anesthesia due to the
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diffusion of local anesthetics, nerve damage, and the accumulation
of local anesthetics. Clinically, paresthesia or hyperesthesia may
occur when the anesthetic solution is injected to the root apex of
teeth on the lingual side. There are numerous blood vessel systems
and neural elements in the lingual submucosa and mouth ﬂoor;
it appears that anesthetic solution affects them. However, in the
present study, we could not demonstrate this. We  were not able to
determine the optimal injection site for inﬁltration anesthesia. Fur-
ther more studies are required to compare the diffusion patterns
of local anesthetics in the same histological areas on the buccal
and lingual sides and due to the histological differences of injec-
tion sites observed among different groups of age. Moreover, we
will also examine the effect of anesthesia and the inﬁltration of
anesthetics into the bone in a future study.
In conclusion, our present study claims that inﬁltration anes-
thesia on the buccal side sets a limit to a smaller area compared
with on the lingual side in the mandible of rats.
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